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Layered  oxides,  ruthenium-substituted  Li2Mn03,  were  synthesized  at  800  °C  and  1200°C.  Their  phase 
relation  and  electrical  and  electrochemical  properties  were  investigated.  Li2Mni_xRux03  synthesized  at 
800  °C  clearly  separated  into  two  phases,  manganese-rich  and  ruthenium-rich  phases,  except  for  the 
narrow  composition  range  of  0  <  x  <  0.05,  while  Li2Mni_xRux03  synthesized  at  1 200  °C  formed  two  solid 
solutions  in  the  whole  composition  range  across  a  structural  transition  betweenx  =  0.6  and  0.8.  The  electri¬ 
cal  resistivity  of  Li2Mni_xRux03  decreased  with  increasing  ruthenium  content.  Li2Mn0.2Ruo.803  (x  =  0.8) 
synthesized  at  1200  °C  showed  the  lowest  resistivity  of  5.7  x  102  £2cm  at  room  temperature.  The  dis¬ 
charge  capacity  and  cycling  performance  were  improved  by  the  ruthenium  substitution.  Li2Mn0.4Ruo.603 
(x  =  0.6)  exhibited  a  discharge  capacity  of  192  mAh  g-1  in  the  initial  cycle  and  169  mAh  g^1  in  the  tenth 
cycle  with  high  and  almost  constant  charge-discharge  efficiencies  of  99%  from  the  second  to  tenth  cycle 
at  a  current  rate  of  1/10 C.  The  ruthenium  substitution  to  Li2Mn03  is  quite  effective  to  improve  electrical 
conductivity  and  charge-discharge  performance. 

©  2010  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Much  attention  has  been  paid  to  lithium  batteries  as  an  indis¬ 
pensable  energy  storage  system  for  portable  electric  devices, 
electric  power  tools,  hybrid  electric  vehicles  (HEV)  and  pure  electric 
vehicles  (EV).  Lithium  manganese  oxide  (Li2Mn03)  is  a  promis¬ 
ing  candidate  as  an  alternative  cathode  material  having  higher 
voltage,  larger  theoretical  capacity  of  about  460  mAh  g-1.  In  case 
all  lithium  ions  are  utilized,  lower  cost  and  lower  environmen¬ 
tal  impact.  Li2Mn03  has  similar  layered  structure  to  the  practical 
cathode  materials  represented  as  LiM02  (M  =  transition  metal) 
with  layered  rocksalt-type  structure.  The  schematic  drawing  of 
Li2Mn03  structure  is  shown  in  Fig.  1.  It  consists  of  lithium  layer 
and  lithium-manganese  mixed  layer  situated  alternately  between 
closed  packing  oxygen  layers. 

Chemical  leached  Li2Mn03  showing  the  capacity  of  approxi¬ 
mately  200  mAh  g-1  was  studied  by  Rossouw  and  Thackeray  [1]. 
Li2Mn03  synthesized  at  low  temperature  also  exhibited  high  spe¬ 
cific  capacity  of  160-260  mAh  g-1  [2-4].  Iron-substituted  Li2Mn03 
synthesized  by  hydrothermal  method  was  proposed  as  a  high 
capacity  cathode  material  [5,6].  Li2Mn03  was  generally  consid¬ 
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ered  electrochemical  inactive  because  tetravalent  manganese  ion 
is  hardly  oxidized  in  an  octahedral  coordination.  Therefore,  several 
mechanistic  studies  were  performed  to  explain  the  electrochem¬ 
ical  activity  of  Li2Mn03  [2,3,7-10].  It  was  suggested  that  lithium 
removal  accompanied  with  charge  compensation  by  the  oxidation 
of  oxygen  occurs  at  about  4.6  V  [7].  Li20  removal  and  oxygen  loss 
were  proposed  as  the  origin  of  electrochemical  activity  of  Li2Mn03 
[  1  -3,1 0,1 1  ].  On  the  other  hand,  it  was  attributed  to  ion-exchange  of 
lithium  by  proton  generated  by  oxidation  of  the  nonaqueous  elec¬ 
trolyte  [2].  The  mechanism  of  electrochemical  reaction  of  Li2Mn03 
remains  controversial.  Meanwhile,  there  are  several  problems  in 
practical  use  of  Li2Mn03  as  the  cathode  material.  To  emerge  elec¬ 
trochemical  activity  of  Li2Mn03,  reducing  particle  size  and  oxygen 
removal  are  necessary  due  to  its  low  ionic  and  electronic  conduc¬ 
tivities.  Li2Mn03  also  showed  poor  cycling  performance,  which  is 
attributed  to  the  structural  transition  from  layered  structure  to 
spinel-like  structure  [2,3,12]. 

The  electrochemical  properties  of  other  Li2M03-type  oxides 
(M= Mo,  Ru,  Ir,  and  Pt)  containing  4d  and  5d  transition  metals  with 
the  similar  layered  structure  to  Li2Mn03  were  also  investigated 
[13-18].  The  electrochemical  measurements  of  Li/Li2M03  (M  =  Mo, 
Ru,  Ir,  and  Pt)  cells  confirmed  that  Mo5+/4+,  Ru 5+/4+,  Ir5+/4+  and 
Pt5+/4+  couples  permit  lithium  extraction  from  the  host  structure. 
In  particular,  Li2Ru03  showed  relatively  high  specific  capacity  of 
160mAhg_1  with  a  voltage  range  of  3.0-4.0V  and  good  reversibil- 
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Fig.  1.  Schematic  drawing  of  Li2Mn03  structure. 


ity  because  of  the  tightly  composed  host  lattice  [13].  In  addition, 
Li2Ru03  exhibited  significant  lower  resistivity  of  10  £2  cm  than  that 
ofLi2Mn03  at  room  temperature  [14,19].  Li2Ru03  has  complemen¬ 
tary  properties  to  those  of  Li2Mn03.  However,  the  electrical  and 
electrochemical  properties  of  the  solid  solution  between  Li2Mn03 
and  Li2Ru03  have  not  been  studied.  There  is  single  literature  in 
our  knowledge  that  magnetic  property  of  ruthenium-substituted 
Li2Mn03  was  investigated  [20].  Therefore,  in  the  present  study  we 
synthesized  the  ruthenium-substituted  Li2Mn03  as  a  novel  cath¬ 
ode  material  to  improve  the  cycling  performance  by  stabilizing 
the  host  structure  during  the  lithium  (de-)intercalation  and  the 
electrochemical  activity  due  to  a  decrease  in  electrical  resistivity. 
The  relationship  between  synthesis  condition,  phase  relation  and 
electrical  and  electrochemical  properties  is  discussed. 

2.  Experimental 

The  ruthenium-substituted  lithium  manganese  oxide, 
Li2Mni_xRux03,  was  synthesized  at  800 °C  and  1200°C.  Li2C03 
(Kojundo  Chemical  Laboratory  Co.,  Ltd.,  99.99%),  Mn02  (Rare 
Metallic  Co.,  Ltd.,  99.9%)  and  Ru02  (Rare  Metallic  Co.,  Ltd.,  99.9%) 
were  weighed,  mixed  and  pelletized.  Li2Mn!_xRux03  in  the  range 
of  0<x<0.2  was  synthesized  at  800 °C  with  a  following  proce¬ 
dure.  The  pelletized  sample  was  calcined  at  600  °C  for  12h.  After 
grinding,  the  calcined  powder  was  again  pelletized  and  sintered 
at  800  °C  for  24  h  in  an  oxygen  gas  flow.  On  the  other  hand, 
Li2Mn!_xRux03  in  the  range  of  0<x<  1.0  was  synthesized  by  firing 
at  1 200  °C  for  3  h  twice  with  an  intermediate  grinding  in  an  oxygen 
gas  flow.  The  Li2Mn!_xRux03  synthesized  at  800  and  1200°C  are 
hereafter  referred  to  as  LMR-800  and  LMR-1200,  respectively.  The 
both  end  members,  Li2Mn03  and  Li2Ru03,  were  synthesized  by 
firing  at  600  °C  and  then  at  1 000  °C  for  3  h  twice  with  intermediate 
grindings  in  an  oxygen  gas  flow. 

The  powdered  samples  obtained  were  identified  by  the  X-ray 
diffraction  (XRD)  measurement  with  Rigaku  RINT  2100  diffrac¬ 
tometer  using  monochromatic  Cu  Ka  line.  The  polished  sample 
was  characterized  by  a  scanning  electron  microscope  (SEM)  (JSM- 
6360,  JEOL)  with  an  energy  dispersive  X-ray  spectrometer  (EDS) 
(INCA  Energy  300,  Oxford  Instruments).  The  acceleration  voltage 
of  an  electron  beam  was  15  kV.  The  sample  composition  was  then 
determined  by  taking  an  average  of  the  values  at  ten  points  mea¬ 
sured  using  EDS.  The  electrical  resistivity  was  measured  by  the  dc 
four-prove  method  with  a  silver  paste  contact  for  the  LMR-800  in 
the  range  of  0.1  <x<0.2  and  LMR-1200.  The  electrical  resistivity 
measurements  were  performed  for  the  LMR-800  in  the  range  of 
0  <  x  <  0.1  by  the  ac  impedance  measurement  using  a  precision  LCR 
meter  (4284A,  Agilent  Technology)  with  a  frequency  range  between 
about  100  and  1  MHz.  The  extrapolated  low-frequency  intercept  of 
the  semi-circle  with  the  real  axis  was  regarded  as  the  sample  resis¬ 


Fig.  2.  XRD  patterns  for  Li2Mni_xRux03  synthesized  at  800  °C.  The  inset  shows 
magnified  XRD  patterns  around  20  =  45°. 


tivity.  The  crystal  structure  was  drawn  using  the  program  VESTA 

[21]. 

The  electrochemical  properties  were  investigated  using  flat- 
type  HS  cell  (Hohsen  Corp.).  The  positive  electrode  comprised 
the  sample,  acetylene  black  (HS-100,  DENKA)  and  poly(vinylidene 
difluoride)  (PVdF)  binder  (KF1320,  Kureha  Corp.)  with  a  weight 
ratio  of  10:1.5:1.5  coated  onto  aluminum  current  collector.  1M 
LiPFg  in  EC/DMC  with  a  volume  ratio  of  1 :2  and  lithium  metal  were 
used  as  the  electrolyte  and  the  negative  electrode,  respectively.  The 
charge-discharge  property  was  examined  at  25  °C  with  a  voltage 
range  between  2.0  and  4.8  V  vs.  Li/Li+  with  a  constant  current  rate 
of  1/1 0C.  Here  the  current  rate  was  calculated  from  the  theoretical 
capacity  in  case  lithium  in  lithium  layer  is  utilized. 

3.  Results  and  discussion 

The  XRD  patterns  for  the  LMR-800  in  the  range  of  0  <  x  <  0.2  are 
shown  in  Fig.  2.  All  of  the  reflections  of  Li2Mn03  (x  =  0)  were  indexed 
in  the  monoclinic  lattice  with  the  space  group  C2/m  [22,23].  The 
broad  peaks  around  20-25°  in  the  pattern  for  Li2Mn03  are  similar 
to  those  reported  previously  [24],  which  is  attributed  to  the  order¬ 
ing  of  lithium  and  manganese  in  the  transition  metal  layer.  The 
peak  broadening  is  caused  by  an  increase  of  the  degree  of  stack¬ 
ing  fault  [25].  The  reflections  of  LMR-800  shifted  to  low-angle  side 
with  increasing  ruthenium  content  at  the  range  of  x  <  0.05,  which 
indicates  that  the  LMR-800  formed  a  solid  solution.  Additional 
reflections  appeared  at  lower-angle  side  of  the  parent  reflection 
and  the  parent  reflections  slightly  shifted  to  the  opposite  side  for 
the  LMR-800  with  x  =  0.1.  In  the  range  of  0.1  <x<0.2  the  parent 
reflections  did  not  shift,  while  the  additional  reflections  shifted 
to  low-angle  side  and  their  intensity  increased  with  increasing 
ruthenium  content.  Therefore,  these  results  indicate  that  a  phase 
separation  into  manganese-rich  and  ruthenium-rich  phases  occurs 
in  the  LMR-800  at  the  range  of  0.1  <x<0.2.  The  XRD  measure¬ 
ment  indicated  that  the  formation  of  the  manganese-rich  phase 
proceeded  during  the  calcination  at  600  °C  and  Ru02  used  as  a  stat¬ 
ing  material  remained.  Once  manganese-rich  phase  formed,  the 
formation  of  solid  solution  does  not  proceed  during  sintering  at 
800-1200  °C.  It  is  found  that  high  calcining  temperature  is  required 
to  obtain  a  single  phase  of  Li2Mn!_xRux03. 

Fig.  3  shows  the  XRD  patterns  for  the  LMR-1200  with  the 
range  of  0<x<1.0  and  both  end  members  (x  =  0,  1.0)  synthesized 
at  1000°C.  The  XRD  patterns  for  the  both  end  members  are  quite 
similar  to  those  in  the  literature  [13,25].  The  reflections  showed 
a  continuous  shift  from  Li2Mn03  to  Li2Ru03  in  the  diffraction 
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Fig.  3.  XRD  patterns  for  Li2Mni_xRux03  synthesized  at  1200 °C.  The  inset  shows 
compositon  dependence  of  lattice  volume  of  the  LMR-1200. 

patterns  for  Li2Mni_xRux03,  which  suggests  single-phase  samples 
were  obtained  in  the  whole  composition  range.  The  Li2Mni_xRux03 
system  has  two  solid  solutions  in  composition  regions,  0<x<0.6 
and  0.8<x<1.0.  The  former  adopts  Li2Mn03-type  structure  and 
the  latter  adopts  the  Li2Ru03-type  structure.  The  Li2M03  type 
oxides  have  different  stackings  of  cation  layers  along  c-axis.  The 
Li2Mn03  have  successive  [Li1/3Mn2/3  ]  layers  displaced  by  the  (0,  0, 
1 )  translation,  which  leads  to  the  stacking  sequence  with  the  mirror 
plane  perpendicular  to  b-axis  [25].  While,  Li2Ru03  has  the  similar 
[Li1/3Ru2/3 ]  layers  displaced  by  the  (0,  1/2, 1/2)  translation,  which 
leads  to  the  stacking  sequence  with  the  c-glide  plane  perpendicu¬ 
lar  to  b-axis  [13].  The  composition  dependence  of  lattice  volume  of 
LMR-1200  is  shown  in  an  inset  of  Fig.  3.  The  lattice  volume  varied 
monotonously  into  Li2Ru03  containing  tetra valent  ruthenium  as 
ruthenium  content  increases.  It  indicates  that  the  LMR-1 200  shows 
no  significant  change  in  the  valence  state  of  ruthenium  by  the  sub¬ 
stitution.  Therefore,  ruthenium  is  considered  to  be  tetravalent  in 
the  LMR-1200  system. 

The  SEM  photographs  for  the  LMR-800  and  LMR-1200  atx  =  0.2 
are  shown  in  Fig.  4.  It  was  confirmed  that  the  LMR-800  clearly 
separated  into  two  phases.  The  sample  formed  aggregates  con¬ 
sisting  of  inner  dark  phase  and  outer  bright  phase.  EDS  analysis 
of  the  LMR-800  revealed  that  average  molar  ratios  of  manganese 
and  ruthenium  in  the  inner  dark  phase  and  outer  bright  phase 
were  99.24(18):0.76(19)  and  32(3):68(3),  respectively.  The  figures 
in  parentheses  represent  twice  standard  deviation  of  the  mean.  It  is 
consistent  with  the  XRD  results  that  the  LMR-800  has  manganese- 
rich  and  ruthenium-rich  phases.  On  the  other  hand,  the  LMR-1200 
did  not  clearly  exhibit  phase  separation.  The  LMR-1 200  had  an  aver¬ 
age  molar  ratio  of  manganese  and  ruthenium  of  83.6(1 3):  16.4(13). 
The  composition  of  LMR-1200  showed  a  slight  deviation  from  the 
nominal  composition  due  to  the  volatilization  of  ruthenium  with 
a  certain  level  of  compositional  fluctuation.  Compositional  fluc¬ 
tuation  is  observed  for  the  iron-substituted  lithium  manganese 
oxide  which  has  nano-domain  structure  consisting  of  iron  and 
manganese  domains  [10].  The  nano-domain  structure  provides 
electrochemical  activity  to  both  a-LiFe02  and  Li2Mn03  which  are 
electrochemical  inactive  as  pure  bulk. 

The  electrical  resistivity  measurements  were  performed  for 
LMR-800  and  LMR-1 200.  The  temperature  dependence  of  electrical 
resistivity  for  the  Li2Mn!_xRux03  is  shown  in  Fig.  5.  All  the  sam¬ 
ples  exhibited  semiconducting  behavior.  However,  they  did  not 
obey  the  simple  Arrhenius-type  semiconducting  model.  No  sig¬ 
nificant  change  in  resistivity  was  observed  for  all  samples  in  the 


Fig.  4.  SEM  photograph  of  Li2Mno.8Ruo.2O3  (x  =  0.2)  synthesized  at  800  °C  (a)  and 
1200°C  (b). 


range  of  temperature  studied.  The  electrical  resistivity  of  both  the 
LMR-800  and  LMR-1 200  decreased  with  increasing  ruthenium  con¬ 
tent.  The  resistivity  of  Li2Mn03  (x  =  0)  at  room  temperature  was 
consistent  with  the  literature  one  [19].  The  LMR-800  with  x  =  0.05 
showed  lower  electrical  resistivity  by  two  orders  of  magnitude  than 
Li2Mn03.  The  resistivity  of  LMR-1200  in  the  range  of  0.2  <x<  0.8 
was  102-103  £2  cm  order  at  room  temperature.  The  LMR-1200  with 
x  =  0.8  showed  the  lowest  resistivity  of  5.7  x  1 02  £2  cm  at  room  tem¬ 
perature.  The  oxides  containing  ruthenium  of  4d  transition  metal 
mainly  show  metallic  property  because  of  its  wide  bandwidth 
[26-28].  The  ruthenium  substitution  would  induce  to  increase  the 
overlap  integral  composed  of  transition  metal  t2g  orbitals  and  oxy¬ 
gen  2p  orbitals  in  edge-shared  M06  octahedra.  The  ruthenium 
substitution  is  quite  effective  to  enhance  the  electrical  conductivity 
of  Li2Mn03. 

Charge  and  discharge  measurements  on  cells  containing 
Li2Mn!_xRux03  as  the  active  cathode  material  were  carried  out  in 
the  voltage  range  of  2.0-4.8V.  Fig.  6  shows  the  charge  and  dis¬ 
charge  profiles  of  initial  cycle  for  the  LMR-800  and  LMR-1200. 
The  charge  profiles  of  the  both  Li2Mni_xRux03  samples  were  dif¬ 
ferent  from  that  of  Li2Mn03  in  which  the  cell  voltage  increases 
rapidly  at  the  start  of  charge  process  and  then  a  plateau  appears 
around  4.5  V  [2,3].  The  charge  and  discharge  profiles  of  the  both 
Li2Mn!_xRux03  samples  were  also  different  from  that  of  Li2Ru03 
[13].  Two  distinct  plateaus  indicative  of  the  multiphasic  reactions 
were  observed  around  3.4  V  and  3.6  V  in  the  charge  and  discharge 
profiles  of  Li2Ru03. 
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Fig.  5.  Temperature  dependence  of  elecrical  resistivity  for  Li2Mni_xRux03  synthe¬ 
sized  at  800  °C  (a)  and  1200  °C  (b). 

The  initial  charge  and  discharge  capacities  of  LMR-800  increased 
monotonously  with  increasing  ruthenium  content.  The  slope  of 
charge  profile  of  the  LMR-800  in  the  range  of  0<x<0.2  changed 
around  4.2-4.5  V,  which  indicates  that  there  are  two  processes  in 
the  initial  charge  reaction.  The  charge  capacity  corresponding  to 
the  both  processes  increased  with  increasing  ruthenium  content. 
This  means  that  the  substituted  ruthenium  ions  were  involved  in 
the  both  processes.  Therefore,  the  increase  of  capacity  for  LMR- 
800  is  attributed  to  an  increase  of  the  amount  of  electrochemical 
active  ruthenium-rich  phase  by  ruthenium  substitution.  The  charge 
voltage  of  the  latter  process  lowered  with  increasing  ruthenium 
content.  It  would  be  caused  by  a  decrease  in  polarization  due  to  the 
enhancement  of  electrical  conductivity  of  Li2Mni_xRux03  depend¬ 
ing  on  the  ruthenium  content. 

The  LMR-1200  in  the  range  of  0.2<x<0.8  also  had  two  pro¬ 
cesses  in  the  charge  reaction.  The  charge  capacities  corresponding 
to  the  both  processes  increased  with  increasing  ruthenium  content 
up  to  x  =  0.6.  For  the  LMR-1200  at  x  =  0.8  the  charge  capacity  cor¬ 
responding  to  the  former  process  increased  more  than  expected, 
while  the  capacity  corresponding  to  the  latter  process  showed 
a  sudden  decrease.  The  discharge  capacities  also  increased  with 
increasing  the  ruthenium  content  in  the  range  of  0  <x  <  0.6.  How- 


Specific  capacity  C  /  mAh-  g"1 


Fig.  6.  Charge  and  discharge  profiles  of  Li2Mni_xRux03  synthesized  at  800 °C  (a) 
and  1200  °C  (b)  in  the  voltage  range  of  2.0-4.8  V  at  1/10  C  rate. 

ever,  the  discharge  capacity  of  the  sample  at  x  =  0.8  compared  with 
that  of  the  sample  at  x  =  0.6.  The  irreversible  capacity  of  the  sam¬ 
ple  at  x  =  0.8  is  lower  than  that  at  x  =  0.6.  The  shape  and  voltage 
of  the  slope  in  the  charge  and  discharge  profile  of  the  sample 
at  x  =  0.8  were  clearly  different  from  those  of  the  samples  in  the 
range  of  0  <x<  0.6.  They  suggested  that  the  charge  and  discharge 
mechanism  of  LMR-1200  changed  accompanied  with  the  struc¬ 
tural  transition  from  Li2Mn03-type  to  the  Li2Ru03-type  structure 
between  x  =  0.6  and  0.8  (see  Fig.  3). 

The  cycle  dependence  of  charge-discharge  capacity  and  effi¬ 
ciency  for  the  cells  containing  LMR-1200  at  x  =  0.6  and  x  =  0.8  are 
shown  in  Fig.  7.  The  cell  containing  the  LMR-1200  at  x  =  0.6  exhib¬ 
ited  a  discharge  capacity  of  192  mAh  g-1  in  the  first  cycle  and  a 
reversible  capacity  of  183  mAhg-1  in  a  subsequent  cycle.  The  dis¬ 
charge  capacity  in  the  tenth  cycle  reached  169mAhg-1,  which 
indicates  a  relatively  good  cyclic  retention.  The  cell  containing  the 
LMR-1200  atx  =  0.8  also  exhibited  good  cyclic  retention  as  well  as 
the  sample  at  x  =  0.6.  Both  cells  also  showed  a  good  cyclic  perfor¬ 
mance  in  terms  of  charge-discharge  efficiency.  In  particular,  the 
cell  containing  the  LMR-1200  at  x  =  0.6  showed  high  and  almost 
constant  charge-discharge  efficiencies  of  99%  from  the  second  to 
tenth  cycle.  These  results  demonstrate  that  the  ruthenium  substi¬ 
tution  to  Li2Mn03  is  quite  fruitful  to  improve  charge-discharge 
property.  The  [(l/3)Li(2/3)Ru03]oo  hosts  formed  by  the  ruthe¬ 
nium  substitution  would  improve  structural  stability  and  allows 
smooth  lithium  deintercalation/intercalation.  It  provides  the  supe¬ 
rior  specific  capacity  and  cyclic  performance  of  Li2Mni_xRux03. 
It  is  reported  that  the  high  reversibility  of  the  Li/Li2Ru03  cell  is 
related  to  the  tightly  composed  [(l/3)Li(2/3)Ru03]oo  hosts  [13]. 
The  ruthenium  substitution  significantly  lowered  electrical  resis¬ 
tivity,  which  would  lead  to  the  enhancement  of  rate  capability. 
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Fig.  7.  Cycle  dependence  of  charge  and  discharge  capacities  and  efficiency  of 
Li2Mni_xRux03  atx  =  0.6  and  0.8.  #,  a,  and  ■:  Charge  and  discharge  capacities  and 
efficiency  of  x  =  0.6,  O.  A.  and  □:  charge  and  discharge  capacities  and  efficiency  of 
x  =  0.8. 

To  understand  the  detailed  relationship  between  the  ruthenium 
substitution  and  good  cyclic  performance,  further  structural  study 
of  Li2lVIni_xRux03  during  and  after  charge-discharge  cycling  is 
required.  The  electrochemical  properties  of  Li2Mni_xRux03  were 
preliminarily  investigated  in  this  study  and  the  optimization  of 
the  cell  component  such  as  control  of  particle  size  is  expected  to 
improve  the  electrochemical  performance  of  Li2Mni_xRux03. 

4.  Conclusion 

The  tetra valent  ruthenium-substituted  Li2Mn03  as  a  novel  cath¬ 
ode  material  was  synthesized  by  solid-state  reaction.  The  phase 
relation  of  Li2Mni_xRux03  depended  on  the  synthesis  condition. 
Li2Mni_xRux03  synthesized  at  1200 °C  formed  two  solid  solu¬ 
tions  in  the  whole  composition  range  across  a  structural  transition 
between  x  =  0.6  and  0.8.  The  electrical  resistivity  of  ruthenium- 
substituted  Li2Mn03  highly  decreased  with  increasing  ruthenium 
content,  which  would  lead  to  the  enhancement  of  rate  capability. 
The  ruthenium  substitution  to  Li2Mn03  also  improved  the  dis¬ 


charge  capacity  and  cycling  performance.  It  is  attributed  to  increase 
electrochemical  active  ruthenium  ion  and  the  tightly  composed 
[(l/3)Li(2/3)Ru03  ]  hosts  which  allows  smooth  lithium  deintercala¬ 
tion/intercalation.  The  ruthenium  substitution  is  quite  effective  to 
bring  out  the  potentially  electrochemical  performance  of  Li2Mn03. 
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